The possible presence of carbonatites in the Eger Rift (NW Bohemian Massif, Czech Republic) has been debated for several decades without any apparent resolution. Here, we document an almost 2 m thick dyke of a silicocarbonatite (23 wt. % SiO 2 , 27 wt. % CO 2 ) in the R2 (Roztoky nad Labem) drilling at the depth of 152.9-154.8 m. Despite the fact that the silicocarbonatite is associated with alkaline intrusive complex, its content of alkalis is rather low (Na 2 O + K 2 O = 2.5 wt. %), as are REE (ΣREE = 82.6 ppm). The stable isotope signature (δ 
Introduction
Intraplate silicate alkaline magmatism commonly involves carbonatites of various types (e.g., Le Bas 1977; Wooley and Kjarsgaard 2008; Chen and Simonetti 2013; Stoppa and Schiazza 2013; Ackerman et al. 2017) , although the nature of this relationship remains elusive. Extensive alkaline magmatism was associated with Cenozoic extension in Central and Western Europe (Wimmenauer 1974; Wilson and Downes 2006; Lustrino and Wilson 2007) , including the Ohře/Eger Rift in the Bohemian Massif during the Oligocene and Miocene (e.g., Cajz et al. 1999 Cajz et al. , 2009 Holub et al. 2010; Ulrych et al. 2011) .
Whereas carbonatites were documented in association with Cenozoic alkaline complexes in Western Europe (Kaiserstuhl, Delitzsch, Hegau, Laacher See, Auf Dickel, Chabrieres, Calatrava; Wooley and Kjarsgaard 2008), evidence for carbonatites in the Bohemian Massif has been only indirect so far. For example, Kopecký (1987-88) reported on the presence of fenites and the involvement of carbonatite-related metasomatism was proposed for the alkaline intrusive centre in the Doupovské hory Volcanic Complex . Abundant carbonates of presumably magmatic origin were also described from Late Cretaceous to Early Paleogene alkaline ultramafic lamprophyres (Ulrych et al. 1993 , and magmatic (Ulrych et al. 1983; Ulrych 1998; Ulrych and Balogh 2000; Skála et al. 2014) , and (b) the Doupov Intrusive Complex (DIC) in the centre of DHVC, with only the apical part exposed due to limited erosion (Haloda et al. 2010; Holub et al. 2010) . The Loučná-Oberwiesenthal Intrusive Centre located on the Krušné hory/Erzgebirge shoulder of the Ohře/Eger Rift lacks the accompanying extrusive alkaline rocks (Ulrych et al. 2005) .
The Roztoky Intrusive Complex ( Fig. 1) is considered the main feeding and intrusive centre of the CSVC. Evolution of the CSVC lasted from the Late Eocene until the Late Miocene and its eruptive products represent a sequence of four formations: (Cajz et al. 1999 (Cajz et al. , 2009 Ulrych et al. 2002): basanitic Ústí Fm. (36.1-25.5 Ma), trachybasaltic Děčín Fm. (30.8-24.7 Ma), basanitic Dobrná Fm. (24.0-19.3 Ma) , and basanitic Štrbice Fm. (13.9-9.0 Ma). The rocks of the RIC (33.1-25.6 Ma, bulk-rocks, K-Ar; Ulrych and Balogh 2000; Ulrych et al. 2011 ) most likely are intrusive counterparts of the trachybasaltic Děčín Fm.
The RIC was emplaced into an elliptical (3 × 1.5 km), SW-NE elongated caldera filled with trachytic breccia and also intruded wider surroundings, up to 5 km from the central caldera (Skála et al. 2014) . The trachytic breccia in the caldera fill is penetrated by numerous trachytic, phonolitic and tinguaitic dykes and plugs (Fig. 1) . Hypabyssal intrusions of monzodiorite, essexite, sodalite syenite as well as a radial dike swarm of lamprophyres and felsic differentiates occur in a close proximity to the centre (Ulrych et al. 1983; Jelínek et al. 1989; Ulrych 1998) . The geometry of the essexite and monzodiorite intrusions was reconstructed on the basis of a geophysical survey (Mrlina and Cajz 2006) which suggested the existence of a single deep body with several protrusions closer to the surface. The monzodiorite intrusion at Roztoky is cross-cut by hydrothermal carbonate veins with Pb-Zn-Cu(-Ag-Te) mineralization (Pivec et al. 1998) .
The drilling R2 was located in the central part of the RIC and started in large xenoliths of metamorphosed and metasomatized Cretaceous sediments (Kopecký 2010) forming the roof of the intrusion. Deeper, the drilling reached carbonatized trachytes and trachytic breccias penetrated by a dyke of a silicocarbonatite at the depth of 152.9-154.8 m.
Methods
Two samples were collected from the R2 drill-core. The R2/154.0 sample represents the carbonatite breccia with pyrite-rich dykelets (depth 152.9-154.35 m). The R2/154.4 sample constitutes an apparently coherent silicocarbonatite (depth 154.35-154.8 m) . Both samples were thin-sectioned, studied under petrographical microscope and analysed with an electron microprobe. The X-ray diffraction, bulk-rock major element, trace element and Sr-Nd-Pb-C-O isotope analyses were obtained on sample R2/154.4. All analytical procedures were carried out at the Czech Geological Survey. Analytical data were processed using the GCDkit software (Janoušek et al. 2006 ).
X-ray diffraction
The powder X-ray diffraction analysis was performed to identify the mineral phases. The raw data were collected in a conventional Bragg-Brentano geometry on the Bruker D8 Advance diffractometer equipped with Lynx Eye XE detector. The CuK α radiation was used. To minimize the background, the sample was placed on a flat low-background silicon wafer. Data were acquired in the angular range 4-80° 2Θ, with a step interval of 0.015°. Automatic divergence slit (ADS 10 mm) was used. The quantitative phase analysis of the sample was performed using the Rietveld method (Young 2000) in the Topas program (Bruker 2014) . The structure models used in the refinement were as follows: calcite (Markgraf and Reeder 1985) , quartz (Le Page and Donnay 1976), dolomite (Reeder and Dollase 1989) , albite (Ferguson et al. 1958) , kaolinite (Bish and Von Dreele 1989) , pyrite (Finklea et al. 1976 ) and phlogopite (Rayner 1974 
Whole-rock major and trace element chemistry
The major element contents were determined by the conventional wet analysis, following the methodology described in Dempírová et al. (2010) . The sample was dissolved in the first step using HF + HNO 3 + H 2 SO 4 at 220 °C (determination of SiO 2 ), and in the second step in a HCl + H 2 SO 4 mixture (remaining oxides). Trace element concentrations were acquired for the bulk sample, leached carbonate fraction (sample treated by cold 2.5M HCl for 10 minutes in an ultrasonic bath) and a non-carbonate residue using an Agilent 7900x ICP-MS. Reference rocks BHVO-2, COQ-1 and JSy-1 were analyzed together with unknown samples. Their values were consistent with published data to within ±10 % for most elements (Jochum et al. 2005 ).
Mineral chemistry and X-ray elemental mapping
The quantitative chemical analyses of individual mineral phases were conducted on a Tescan MIRA 3GMU electron microprobe fitted with SDD X-Max 80 mm 2 EDS detector and AZtecEnergy software (Oxford Instruments). Point analyses, and the area analyses of selected minerals and parts of the sample were acquired individually, using the following conditions: accelerating voltage 15 kV, working distance 15 mm, 3 nA probe current, 30 s acquisition time. Mineral set of standards (SPI) was used for standardization. Representative proportions of MgO, CaO and FeO were integrated from X-ray elemental maps with 0.5 μm step.
Radiogenic isotopes (Sr-Nd-Pb)
For Sr-Nd-Pb isotope analysis, two aliquots of the powdered sample (~0.5 g each) were leached in 40 ml of 2.5N HCl for 10 min in ultrasonic bath to dissolve the carbonate phase. Residual silicate phases were removed by centrifugation and dissolved in the mixture of concentrated HF and HNO 3 . The final solution of the bulk-rock sample was then recombined from the dissolved carbonate and silicate portions; carbonate and silicate fractions from the second aliquot were treated separately.
Cation-exchange column chemistry (BioRad AG50W-X8, 200-400 mesh) was employed to isolate Sr from the REE fraction. Strontium and Pb fractions were then cleaned using Sr.spec resin whereas Nd was isolated from the other REE using Ln.spec resin (Pin et al. 2014 (Fig. 2b-c) . Three different sub-facies were distinguished, based on variations in mineral proportions, geometry and textures: (1) the dolomite-rich (D-type), (2) the silicate-rich (S-type) and (3) the pyrite-rich (P-type). The characteristic features of all three types are summarized in Tab. 1. This facies does not contain any open cracks or joints filled with idiomorphic crystals resulting from hydrothermal precipitation (Chakhmouradian et al. 2016) , or any heterogenic fragments (alkaline rocks or xenoliths), all of which would indicate explosive, or kinetic brecciating of solidified rock.
The dolomite-rich (D-type) silicocarbonatite forms angular fragments 1-3 mm in diameter. Among the dolomite-rich silico-carbonate fragments, two different varieties can be distinguished (D1 and D2, Fig. 2b-c) . The D1 variety is silicate-poor (up to 10 vol. % silicate phases) with accessory pyrite. The individual crystals of carbonates reach up to 0.2 mm in diameter, but their boundaries are irregular and rugged. The carbonates contain frequent dispersed inclusions of K-feldspar, oligoclase (An 16 -An 28 ), diopside, phlogopite, fluorapatite, quartz, titanite, rutile, celestine, Ba-celestine and gypsum (Fig. 2d) . The surrounding silicates (quartz, oligoclase and kaolinized K-feldspar) are skeletally intergrowing with carbonates. The D2 variety is more silicate-rich (30-40 vol. % silicate phases) and finer grained ( Fig. 2c ) with intimate intergrowths of silicates (quartz, albite An 06 , kaolinized K-feldspar) with carbonates. The carbonates form larger crystals (up to 0.05 mm) compared to silicates (< 0.02 mm).
The D-type fragments are enclosed in a network of silicate-rich (S-type) silicocarbonatite dykelets ~0.2-0.5 mm thick (Fig. 2b-c) . The S-type is characterised by larger amounts of silicates (up to 55 vol. %); it is very fine-grained with intimate intergrowths of silicates and carbonates ( Fig. 3) , where none of the minerals has automorphic crystal shapes.
Locally, isolated, up to 1.5 mm wide dykelets of coarser-grained pyrite-bearing silicocarbonatite (P-type) occur (Figs 2e-f, 3). Idiomorphic phenocrysts of pyrite (5 vol. %; up to 0.15 mm) are enclosed in an aggregate dominated by relatively coarse-grained carbonate (individual crystals up to 0.4 mm) with variable amounts of silicates (up to 50 vol. %). Even these large carbonate crystals intergrowing with surrounding silicates have irregular rugged boundaries. The pyrite phenocrysts contain apatite inclusions, and the surrounding carbonate encloses microcrysts of zircon and rutile. correction as above (JNdi-1:
143 Nd/ 144 Nd = 0.512099 ± 6; 2σ, n = 19) was applied.
The initial Sr-Nd ratios were calculated using the following decay constants: λ 87Rb = 1.42 × 10 -11 y -1 (Steiger and Jäger 1977) and λ 147Sm = 6.54 × 10 -12 y -1 (Lugmair and Marti 1978 Lead was separated using Sr.spec resin and Pb fraction was collected with 6M HCl. Samples were diluted with 2% HNO 3 and spiked with the NIST SRM 997 Tl (~20 ppb Tl at 100 ppb Pb). Isotope analyses were made with a Neptune MC-ICPMS. Total procedural blanks were ~66 pg Nd and ~25 pg Pb.
Stable isotopes (C-O)
Selective leaching of a bulk sample of R2 silicocarbonatite was applied to acquire δ 13 C and δ 18 O values for the carbonate fraction following the methodology of McCrea (1950) . In brief, H 3 PO 4 with K 2 Cr 2 O 7 was administered to the sample powder, and reacted at room temperature under vacuum for 24 hours (calcite) and 72 hours (dolomite). The measurements were performed using a dual inlet Delta V Advantage mass spectrometer (Thermo Fisher). The results for C and O are presented relative to V-PDB and V-SMOW reference materials, respectively, with the total analytical error of < 0.1 ‰ (2σ). Due to different acid fractionation factors for calcite and dolomite, the δ 18 O value for dolomite was corrected by −0.84 ‰ (Becker and Clayton 1976; Kim et al. 2015) .
Results

Petrography
The silicocarbonatite dyke with the total thickness of 1.9 m in the drill section has two macroscopically distinct facies: (i) a brecciated upper section, and (ii) a macroscopically homogeneous lower section.
The upper section (152.9-154.35 m; sample R2/154.0 m) is characterised by a macroscopically visible brecciated texture. The breccia consists of angular jig-saw-fitting fragments of a whitish to yellowish carbonate-rich rock healed by another generation of a similar rock. In its lower part (153.9-154.35 m) this facies contains frequent 1-5 mm thick darker bands ( Fig. 2a) with abundant aggregates of radially arranged fibre-shaped magnetite, possibly replacing the original pyrite. The set of bands is displaced by frequent subvertical fractures (Fig. 2a) . The conspicuously brecciated part of the silicocarbonatite dyke also contains The carbonates in all described types consist of mixtures of calcite and Fe-bearing dolomite (Tab. 1; Fig. 3 ). The small domains (~20 μm) of dolomite are randomly distributed throughout the prevailing calcite. The shape of such domains is irregular and diffuse (Fig. 3) , not respecting any crystal structure (oscillatory zoning of growing crystal, immiscibility lamellae, etc.).
The textures of D-, S-and P-type silicocarbonatites with intimate intergrowths of silicates and carbonates and dispersed diffused micrometre-scale domains of dolomite in calcite stands in contrast with the structure of idiomorphic carbonate crystals with well-defined growth zones observed in late hydrothermal veins filling the open cracks in the breccia facies.
Mineralogy
The quantitative XRD phase analysis (calcite, quartz, Febearing dolomite, albite, kaolinite, pyrite and phlogopite) confirmed the petrographical observations showing that the studied dyke is dominated by calcite (54.6 wt. %) and Fe-bearing dolomite (20.1 wt. %). The predominant silicate phases are quartz (10.0 wt. %), sodic plagioclase (9.8 wt. %), kaolinite (2.5 wt. %), phlogopite (2.5 wt. %), and pyrite (0.5 wt. %).
The bimodal chemical composition of carbonates was detected by microprobe analysis. Calcite has uniform composition with a low proportion of magnesite, rhodochrosite and siderite admixtures (in total < 6.2 mol. %; Fig. 4 ). Dolomite displays a wider compositional range with the sum of rhodochrosite and siderite proportions varying between 11 and 16 mol. % (Fig. 4) . The composition of sodic plagioclase varies from oligoclase to albite (An 06 to An 28 ), but the chemistry of K-feldspar could not be constrained due to kaolinization. Several grains of intact K-feldspar were found only as inclusions in carbonates or in the upper brecciated part, where the fluids could escape rapidly without altering the cooling rock. The mafic minerals are represented by Mg-rich members such as diopside (Mg = 0.7-0.8 apfu; Ca = 0.97-1 apfu), and phlogopite (Mg = 2.35 apfu). Accessory Ba-Sr sulphates (barite-celestine) with up to 15 wt. % BaO were found in carbonates.
Bulk-rock geochemistry
Major and trace elements were determined in a bulkrock sample. In parallel, trace element analysis was also performed for the acid-leached carbonate fraction (hereafter referred to as CF) and the non-carbonate residuum (NCF). The results of the analyses are listed in Tabs 2 and 3. The bulk rock contains 22.8 wt. % SiO 2 and 7.6 wt. % Al 2 O 3 with rather low concentrations of alkalis (Na 2 O + K 2 O = 2.5 wt. %). In the Hamilton's diagram (Hamilton et al. 1979 ) the rock plots on the carbonate/silicate liquid field boundary (Fig. 5) .
Most elements are carried by the carbonate fraction, except the alkalis (Li, Rb, Cs), Th, U and high-fieldstrength elements (HFSE: Zr, Hf, Nb, Ta) (Fig. 6a) . In particular, HFSE show extreme depletions in the CF. The low REE content (ΣREE = 82.6 ppm in bulk sample) is (Fig. 6b) . The moderate depletion in Eu is apparent for all aliquots (Eu/Eu* = 0.71-0.78).
The distribution of incompatible trace elements between CF and NCF observed in this study (Fig. 6) is not a general feature of all carbonatites. For example, the complementary behaviour of HFSE in carbonate and non-carbonate fractions such as found in this study, i.e. troughs in carbonates and enrichments in non-carbonate fractions, is similar to that reported for some carbonatites from Uganda and Malawi (Bizimis et al. 2003) as well as to experimental results (e.g., Veksler et al. 1998 ). On the other hand, some other carbonatites analysed by Bizimis et al. (2003) showed no HFSE fractionation between the carbonate and non-carbonate fractions. This implies that carbonate fraction is not always devoid of HFSE, as also indicated by experimental investigations and natural observations (Martin et al. 2012) . Interestingly, REE in the R2 sample from the current study are preferentially incorporated into carbonate, which may have important implications for the unmixing history of the carbonatitesilicate melt system. The results of Veksler et al. (1998 and discussion therein) showed some dependence of partitioning on pressure, temperature and chemistry; preferential partitioning of REE into carbonate over silicate melt could indicate greater depths for the immiscibility to occur. However, only a future in situ analytical work may provide further constraints on the petrogenesis of the R2 silicocarbonatite. 
Radiogenic and stable isotope systematics
Discussion
Texture of the studied rock
The presence of three types of silicocarbonatite (D, S and P; Section 4.1) suggests complex evolution of the Roztoky silicocarbonatite. The texture of all three types indicates several phases of magmatic origin. The annealed texture with the absence of wall-rock fragments (Cretaceous sedimentary xenoliths and alkaline igneous rocks), or open cracks with late mineralization suggests that this rock does not represent breccia (e.g., McPhie et al. 1993; Chakhmouradian et al. 2016) . It rather originated from a continuous process of melt injectioncooling -kinetic fragmentation -annealing by new portions of melt. Similar textures, albeit with larger grain-size contrasts, were found for carbonatites from Kaiserstuhl (Germany) and Kerimasi (Tanzania), and were interpreted in terms of reincorporated autholiths of a disaggregated carbonatite cumulate (Chakhmouradian et al. 2016 ). The intimate calcite-dolomite intergrowths document further evolution through sub-solidus immiscibility re-equilibration (Fig. 3) Eu/Eu* is defined as chondrite-normalized Eu/√(Sm×Gd); normalization values are from Anders and Grevesse (1989) related to gradual cooling and coupled with the overall carbonatitic mineralogy clearly indicate the magmatic origin of the studied dyke. The dolomite-rich silicatepoor type with accessory pyrite (D1), present in the form of autholiths with the lowest content of silicates and the highest Mg# (62; Tab. 1), appears to represent the parental batch. The pyrite-free (D2) and pyrite-rich (P) types were most likely derived from the primary (D1) type by gravitational settling of pyrite from a melt. The late-stage interaction resulted in formation of the early-crystallized mixed D-P silicocarbonatite autholiths enclosed by the silicaterich (S-type) silicocarbonatite (Fig. 2b, Fig. 3) . The "pseudobreccia" textures may commonly reflect a non-homogeneous alteration with "clasts" of the fresh rock enclosed in "matrix" of the alteration product (McPhie et al. 1993) . Such a process may explain the high content of quartz, with different proportions in individual types. On the other hand, the quartz is present in all types of silicocarbonatite with approximately the same grain size (Figs 2 and 3) . The distribution of quartz does not follow any preferential zones (inhomogeneities or cracks) and quartz/carbonate intergrowth textures are always sharply cut-off on boundaries of individual types.
We observed neither alteration fronts, which can be seen in other parts of the drilling (e.g., carbonatized trachytes, carbonatized sandstones), nor any leaching haloes, well developed in other altered rocks of the R2 drilling. The alteration is also evoked by the presence of pyrite. Pyrite obviously is of secondary origin in the breccia facies, where it is strongly concentrated along the (Hamilton et al. 1979 ) illustrating the silicate-carbonate liquid miscibility gap and a possible melting path of a carbonated peridotite (the grey arrow from the area of immiscible carbonatite to alkali basalts to evolved nephelinites), projected from CO 2 (after Lee and Wyllie 1997; Tappe et al. 2006) . The e-f arrow shows the silicate-carbonate liquidus field boundary (after Lee and Wyllie 1997) . The 1.0 GPa solvus is from Lee and Wyllie (1997) , and the 1.5 GPa solvus from Brooker (1998) . Silicate rocks data from RIC (Skála et al. 2014, open Analytical uncertainty of Sr, Nd, Pb isotope ratios is expressed as two standard errors of the mean (2SE(M)), for δ 13 C V-PDB and δ 18 O V-SMOW as two standard deviations (2 sd) subscripts '30' indicate age-corrected isotope ratios cracks (Fig. 2a) , although it has been later hematitized. In the coherent facies, pyrite is not distributed randomly, or along inhomogeneities, but mostly concentrated in the coarser-grained P-type silicocarbonatite (Figs 2e-f) .
Bulk-rock chemistry
The carbonatitic magmas could be generated by (i) partial melting of a mantle peridotite or eclogite, (ii) fractional crystallization from parental alkaline silicate magmas, or (iii) liquid immiscibility (Wyllie and Tuttle 1960; Le Bas 1977; Bell and Keller 1995) . Lee and Wyllie (1997) concluded that most carbonatite magmas are derived from parental carbonated silicate melts by fractional crystallization at crustal levels. These authors pointed out that the carbonate liquidus represents the 'forbidden zone' in phase diagrams for initially CO 2 -rich silicate liquids (Hamilton et al. 1979 ; Fig. 5 ). Derivative magmas can precipitate carbonates only along the defined silicate-carbonate boundaries in the Hamilton's projection (Lee and Wyllie 1997) . As shown in Fig. 5 , the composition of R2 silicocarbonatite corresponds to the silicate-carbonate field boundary, where carbonate co-precipitated, indicating that R2 silicocarbonatite should be magmatic in origin. It could also be classified as 'primary carbonatite' on the basis of its high Mg# [molar MgO/(MgO + FeO tot ) = 67.8]. According to Eggler (1989) , primary carbonatite magmas should have Mg# > 64. We note here, however, that this value is much lower than that of average Mg-carbonatites with Mg# = 0.81 ± 0.08 (Litasov and Ohtani 2009) . Relatively high Mg# of R2 silicocarbonatite is in contrast with the presence of quartz and albite, suggesting that its parental melt should have been likely derived from extremely fractionated alkaline magma (alkali syenite). Hammouda (2003) suggested on the basis of experiments with carbonated eclogite at 5-10 GPa that Carich carbonatites [Ca# = molar Ca/(Ca + Fe + Mg) ~0.80] are related to subduction and partial melting of carbonated eclogites. In contrast, Litasov and Ohtani (2009) melting of carbonated peridotites have moderate Ca# values (0.3-0.5). The R2 silicocarbonatite has Ca# = 0.87, compatible with the former scenario. However, the original Ca# could be obscured by polyphase evolution of the studied rock (Fig. 3) .The magmatic origin of the R2 silicocarbonatite is further supported by the calcite-dolomite thermometer (Rice 1977) yielding temperatures of carbonatite formation between 660 and 800 °C (Tab. 1). These values correspond to mantle conditions, where Mg-rich calcite, dolomite, and magnesite are known to be stable (Kraft et al. 1991) .
The REE pattern of the CF of R2/154.4 mimics that of alkaline rocks of the Roztoky Intrusive Complex investigated by Skála et al. (2014; Fig. 6b ). The overall low REE content in comparison with most carbonatites worldwide (Jones et al. 2013 ) probably reflects their low abundance in the carbonatite source; rather low total REE contents of c. 80 ppm were also reported from other intrusive carbonatites (e.g., Chakhmouradian et al. 2016) . Thorium/uranium, Zr/Hf and Nb/Ta ratios are elevated in the CF over the NCF (Tab. 3) and common mantle values, which is consistent with their general behaviour in such systems (Bizimis et al. 2003; Chakhmouradian 2006) .
Radiogenic and stable isotope composition
The initial Sr-Nd isotope compositions of the three analyzed samples are almost indistinguishable (ε Nd30 ~ -10.8; 87 Sr/ 86 Sr 30 ~0.7061-0.7062). This provides evidence for common origin of both fractions, again underscoring their magmatic origin. On the other hand, it differs significantly from most other carbonatite occurrences worldwide, which usually carry significantly more primitive, mantle-like Sr-Nd isotope signature (often between HIMU and EM-1 composition; Bell and Bleinkinsop 1987; Schleicher et al. 1990; Kramm 1993; Jones et al. 2013) .
However, even more radiogenic Sr and less radiogenic Nd isotope systematics than those found for R2 silicocarbonatite have been observed for carbonatites from Shandong, China, which was explained by their derivation from enriched lithospheric mantle that had been previously modified by subduction (Ying et al. 2004) . The Sr-Nd isotope signature of R2 is also strikingly different from both primitive and evolved Cenozoic alkaline volcanic rocks in the Bohemian Massif (e.g., Haase and Reno 2008; Holub et al. 2010; Ackerman et al. 2015; Ulrych et al. 2016; Fig. 7a ). Generally, there are two possible explanations for the anomalous Sr-Nd isotope composition of the studied sample: isotopically evolved crust-like source, or late contamination by post-magmatic fluids. The latter explanation is less plausible because REE are not readily soluble in aqueous fluids in silicate and carbonate environments (Song et al. 2016) . Also the scenario of assimilation of Cretaceous sedimentary country rocks can be excluded because Nd concentrations in these sediments vary between 3 and 7 ppm, rarely Ulrych et al. (2016) RIC, Skála et al. (2014) DHVC , CSVC (Ackerman et al. 2015) , European Cenozoic carbonatites Ulrych et al. (2016) Eger Rift, Haase and Renno (2008 
) EM2
Kaiserstuhl, Schleicher (1991) (Schleicher et al. 1990 ), West Eifel (Riley et al. 1996) and Delitzch Complex (Krüger et al. 2013) , and include also accompanying silicate rocks. Carbonatites from Central Italy (Peccerillo et al. 2010) Zindler and Hart (1986) . NHRL -Northern Hemisphere Reference Line (Hart 1984) . The average isotope composition of GLOSS (global subducting sediments) is from Plank and Langmuir (1998) . Reservoirs are not age-corrected. up to 14 ppm (unpublished data of the authors). Therefore, a more probable explanation for the radiogenic ε Nd signature seeks the origin of R2 silicocarbonatite in an isotopically evolved environment of enriched lithospheric mantle (e.g., Janoušek et al. 1995) .
The range of Pb isotope data for R2 silicocarbonatite falls between the EM1 and HIMU component (Fig. 7b) . The Pb isotope composition of NCF is close to the composition of silicate rocks from the Eger Rift (Haase and Renno 2008; Ulrych et al. 2016 ) and EM2 component. However, the Pb isotope composition of CF is similar to the field of GLOSS (global subducting sediments; Plank and Langmuir 1998) . This fact could be explained by the influence of recycled sedimentary material, as described by Yang et al. (2014) for western Tianshan.
The stable C-O isotope composition of carbonate fraction of the R2 silicocarbonatite is, to some extent, remarkable in having a relatively 13 C-enriched signature at a given δ 18 O value (Fig. 8) . The δ 18 O V-SMOW = 7.4 ‰ would correspond to Primary Igneous Carbonatites (PIC: Taylor et al. 1967) . The values observed in the R2 silicocarbonatite are less common for primary mantle-derived igneous carbonatites but can be associated with metasomatic overprints by CO 2 released from a subducted slab, as advocated for Turiy Mys (Demény et al. 2004 ), for example. Indeed, an older subduction event (~370-350 Ma) has been evidenced in north-western part of the Bohemian Massif (Schulmann et al. 2009 (Schulmann et al. , 2014 , thereby possibly introducing necessary quantities of CO 2 into the source region of the R2 silicocarbonatite.
Several previously published C-O isotope data from xenoliths in the Košťál conduit (Kopecký et al. 1984) and Linhorka diatreme (Mihaljevič 1988 ) display a clear mixing trend between primary igneous and sedimentary rocks (Fig. 8) . In contrast, from Fig. 8 it follows that contamination by sedimentary lithologies from the Bohemian Cretaceous Basin in our case is largely excluded given their 13 C-18 O-enriched signature (Uličný et al. 2014) . We note that the C-O isotope compositions of carbonatites from Eifel (Taylor et al. 1967; Riley et al. 1996 Riley et al. , 1999 and Kola Peninsula (Demény et al. 2004 ) also plot towards 13 C-enriched composition, similar to the R2 silicocarbonatite (Fig. 8) . In general, the same trend is followed by magmatic carbonates enclosed within several alkaline silicate rocks of the Bohemian Massif (Ulrych et al. 1997) . Alternatively, the increased δ 13 C value (−2.5 ‰) could be interpreted in terms of CO 2 -rich influx. Such an overprint would result in loss of REE such as described from carbonatites in southern India (Ackerman et al. 2017 ) but shifts towards more positive δ 18 O would likely be observed.
Further studies will require application of advanced microanalytical techniques applicable also for isotope systems and focusing on individual batches at microscopic scale (e.g., microdrill, laser ablation). Even though the present study of the newly discovered R2 silicocarbonatite leaves many questions open, it also holds promise for earning more knowledge about relation of carbonate and silicic melts and their country rocks in continental rift settings.
Conclusions
• We report on the first direct find of carbonatite in central Europe, associated with Cenozoic alkaline magmatism, from the Roztoky Intrusive Complex (RIC) in Eger Rift (NW Bohemian Massif).
• The investigated silicocarbonatite in the R2 drill-core is of magmatic origin (formation temperatures 660-800 °C), as evidenced by textures and calcite-dolomite thermometry.
• Based on the annealed inhomogeneous texture of the R2 silicocarbonatite, i.e., three distinct textural types, we propose a scenario comprising interplay of three batches of silicocarbonatite magma.
• The presence of quartz and albite would imply a possible origin by extreme fractionation of highly differentiated CO 2 -saturated alkaline magma (like alkali syenites of the RIC Ulrych et al. (1997) Fig . 8 The C-O isotope data from R2/154.4 m silicocarbonatite compared with data from carbonates in alkaline volcanic rocks of the Bohemian Massif (Košťál xenoliths: Kopecký et al. 1984; Linhorka xenoliths: Mihaljevič 1988 ; magmatic carbonates in various dykes: Ulrych et al. 1997) , carbonatites in Kola and Turiy Mys region (Demény et al. 2004) , Laacher See (Taylor et al. 1967; Riley et al. 1996 Riley et al. , 1999 , primary igneous carbonatite field (PIC: Ray and Ramesh 2006) , and composition of Bohemian Cretaceous Basin sediments (BCB: Uličný et al. 2014 ).
• The Pb isotope composition of the R2 silicocarbonatite is not inconsistent with the hypothesis of the origin from the recycled subducted sediments.
• The stable isotope data (δ 13 C V-PDB = −2.5 ‰, δ 18 O V-SMOW = 7.4 ‰) exclude a significant role of Cretaceous sediments in the petrogenesis of R2 silicocarbonatite.
